[Name of Document] Specification 

[Title of Invention] Control Apparatus and Control Method of Optical Signal Exchanger 
[Scope of Claim for Patent] 
[Claim 1] 

A control apparatus of an optical signal exchanger which includes a first mirror 
array and a second mirror array, each having a plurality of titt mirrors arranged on a 
plane, each tilt mirror having a reflecting surface an angle of which is controllable, and 
which sequentially reflects an input optical signal by said first and second mirror arrays 
to output from a specific position, for detecting power of an optical signal output from 
said specific position, and feedback controlling the angle of at least one of the 
reflecting surfaces of the tilt mirrors, which have reflected the optical signal on said first 
and second mirror arrays, based on the detection result, 

wherein said control apparatus comprises a resonance component removing 
section that removes a frequency component corresponding to a mechanical 
resonance action of each said tilt mirror, included in a control signal used for said 
feedback control, and said resonance component removing section is at least shared 
corresponding to a pair of driving electrodes arranged in a coaxial direction of said titt 
minor. 



[Claim 2] 

A control apparatus of an optical signal exchanger according to claim 1, 
comprising: 

a first mirror drive section that supplies a voltage to either one of a pair of 
driving electrodes arranged in a first axial direction of each tilt mirror of said first mirror 
array, and also supplies a voltage to either one of a pair of driving electrodes arranged 
in a second direction different from said first axial direction, to adjust the angle of the 
reflecting su rface of said tilt mirror, 

a second mirror drive section that supplies a voltage to either one of a pair of 
driving electrodes arranged in a first axial direction for each tilt mirror of said second 
mirror array, and also supplies a voltage to either one of a pair of driving electrodes 
arranged in a second direction different from said first axial direction, to adjust the 
angle of the reflecting surface of said tilt mirror; 

an optical power detection section that detects power of the optical signal 
output fronrt said specific position; and 

a comparison control section that generates a control signal for controlling a 
driving state of the tilt mirror being an object to be controlled, so that an angular 
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displacement of the reflecting surface of said tilt mirror is corrected according to the 
optical power detected by said optical power detection section, 

wherein said resonance component removing section includes: 
a first resonance component removing section that removes said resonance 
frequency component included in the control signal sent from said comparison control 
section to said first mirror drive section, by using a band-elimination filter that is at least 
shared for each of the first axial direction and the second axial direction of said each tilt 
mirror; and 

a second resonance component removing section that removes said 
resonance frequency component included in the control signal sent from said 
comparison control section to said second mirror drive section, by us.ng a 
band-elimination fitter that is at least shared for each of the first axial direction and the 
second axial direction of said each tilt mirror. 

CCiaim 3] . 

A control apparatus of an optical signal exchanger according to claim 2. 

wherein said first resonance component removing section removes said 
resonance frequency component included in the control signal sent from said 
comparison control section to said first mirror drive section, by using a 
band-elimination filter that is shared corresponding to all tilt mirrors on said first m.rror 
array, and 

said second resonance component removing section removes said 
resonance frequency component included in the control signal sent from said 
comparison control section to said second mirror drive section, by using a 
band-elimination filter that is shared corresponding to all tilt mirrors on said second 
mirror array. 

[Claim 4J 

A control apparatus of an optical signal exchanger according to claim 2, 
wherein, when the object to be controlled is switched from one driving 
electrode to the other driving electrode, with respect to the pair of driving electrodes 
arranged in the coaxial direction of said tilt mirror, said comparison control section 
supplies a control signal for making the one of the driving electrodes a non-driven state 
to a corresponding mirror drive section via said resonance component removing 
section, and then supplies a control signal for making the other driving electrode a 
driven state to a corresponding mirror drive section via said resonance component 
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removing section. 



[Claim 5] 

A control method of an optica! signal exchanger which includes a first mirror 
array and a second mirror array, each having a plurality of tilt mirrors arranged on a 
plane, each tilt mirror having a reflecting surface an angle of which is controllable, and 
which sequentially reflects an input optical signal by said first and second mirror arrays 
to output from a specific position, for detecting power of an optical signal output from 
said specific position, and feedback controlling the angle of at least one of the 
reflecting surfaces of the tilt mirrors, which have reflected the optical signal on said first 
and second mirror arrays, based on the detection result, 

wherein a frequency component corresponding to a mechanical resonance 
action of each said tilt mirror, included in a control signal used for said feedback control, 
is removed at least commonly corresponding to a pair of driving electrodes arranged in 
a coaxial direction of said tilt mirror. 

[Detailed Description of the Invention] 
10001] 

[Technical Field of the Invention} 

The present invention relates to a switching control technique for an optical 
signal exchanger, and in particular relates to a control apparatus and a control method 
of an optical signal exchanger that uses a reflecting tBt mirror made by micromachining 
(MEMS: Micro Electric Mechanical System) technology. 
[0002] 
IPriorArt] 

Recently, with the increase in traffic on the Internet and the like, a demand for 
optical networks is increasing. Under such circumstances, attention is being paid to 
the introduction of optical signal exchangers that switch data of high speed and high 
volume just as in an optical signal state. As a conventional technique for realizing a 
high speed and high capacity optical signal exchanger, for example a system 
mechanically switching an optical fiber or a system constituted by combining 
waveguides, has been predominant. However, in this conventional technique, it is 
necessary to adopt a multistage constitution. Therefore, an optical loss inside the 
optical signal exchanger is very significant, and further, there is also a limit to deal with 
an increase in the number of channels. Consequeritlyrrtls^MficTj 
signal exchanger that deals with several 1 0 channels or more. 
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[0003] 

Under the above-mentioned circumstances, an optical switch using a tilt mirror 
(hereunder referred to as an MEMS mirror) made by applying micromachining 
(MEMS) technology is predominant compared to other switches, from the point of 
miniaturization, wavelength independence and polarization independence, and is thus 
gaining attention. In particular, for example as shown m FIG. 23, an optical signal 
exchanger of three-dimensional type constituted by combining two collimator arrays 
1A and 1B having a plurality of collimators arranged in two dimensions, respectively, 
and two MEMS mirror airays 2A and 2B having a plurality of MEMS mirrors arranged 
in two dimensions, respectively, is expected from the point that a reduction in optical 
loss, a large capacity and multichannel can be realized. 
[0004] 

Regarding the above-mentioned three-dimensional optical signal exchanger, 
the present applicant has proposed a control technique for automatically correcting 
angular displacement of respective MEMS mirrors to reduce an optical loss (Japanese 
Unexamined Patent Publication No. 2002-236264 and Japanese Patent Application 
No. 2002-132833). A control apparatus for an optical signal exchanger applied with 
this control technique, for example as shown in FIG. 24, automatically correcte the 
angular displacement of reflecting surfaces of respective MEMS mirrors by; detecting 
in an optical power detection section 1 2, power of light branched by an optical coupler 
array 1 1 provided on a latter stage of an output optical fiber array 10B connected to a 
collimator 1B on an output side, judges in a comparison control section 13 based on 
the detection results, coupling states of optical signals wilh respect to output optical 
fibers, and controlling respective MEMS mirror drive sections 14A and 14B so that the 
I03S inside the optical signal exchanger become minimum. 
[0005] 

[Problems to be solved by the Invention] 

The optical switch using the MEMS mirror in the above-mentioned optical 
signal exchanger include an intrinsic problem in that since the switch element itself 
mechanically operates, when the angle is controlled at a high speed, mechanical 
resonance of the MEMS minors occurs, thereby affecting the feedback control of the 
angle. 
[0006] 

A mechanical characteristic of the MEMS mirror can be generally expressed 
by the following equatibnTt T~ 
[0007] 
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[Mathematical Equation 1] 

S Z + 2 • # MEMS ' W M EMS ' S + W MEMS 



G "mbms — ... (1) 



where wmems is a resonance frequency of the MEMS mirror, Smems is a damping factor, 
and s is a Laplacian operator. The damping factor $mems has a value of about from 
0.001 to 0.01, although this depends on the process structure of the MEMS mirror. 
[0008] 

FIG 25 is a diagram showing one example of a specific configuration of the 
conventional control apparatus shown in FIG 24 mentioned above. FIG 26 is a 
diagram schematically showing the driven state of a typical MEMS mirror. 

As shown in the respective figures, each MEMS mirror arranged on the 
MEMS mirror array comprises electrodes 2X-1 and 2X-2, 2Y-1 and 2Y-2 in the vicinity 
of the opposite ends of a mirror 2a, for each direction of the X axis and the Y axis. A 
voltage is applied to the electrode affiliated with the direction in which the mirror 2a is to 
be tilted (for example, in FIG 26. the electrode 2X-1), in accordance with a control 
signal from the comparison control section 1 3, to electrostatically actuate the electrode, 
thereby tilting the reflecting surface of the mirror 2a in the required direction. At tois 
time, the electrostatically actuated MEMS mirror follows the mechanical characteristic 
shown in equation (1), and hence resonance may occur, for example, as shown in FIG 
27. in the conventional control apparatus, the driven slate of the resonance acting 
MEMS mirrors is feedback controlled so that an angle of the reflecting surface Is 
optimized, based on the detection result in an optical power detection section 12. 
Therefore, there is a posstoility that the feedback control cannot be accurately carried 
out due to an influence of the resonance action. 
[0009] 

In order to reduce the influence on the feedback control due to the resonance 
action of the MEMS mirror, for example, it can be considered to insert in a control loop, 
a filter for removing resonance frequency components included In the control signal. 
Such a method is well known in Japanese Unexamined Patent Publication Nos. 
8-126370, 5-210419. 5-285786 and 8-149876, though these publications are in 

different fi elds to the control of the optical signal exchanger. ' 

[0010] 

However, taking into consideration actual implementation of the filter in the 
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conventional control apparatus of the optical signal exchanger of the 
three-dimensional type, four fitters are required for one MEMS mirror, as shown in FIG 
25. Since these four fitters are necessary for each one of MEMS mirrors arranged in 
the respective MEMS mirror arrays 2A and 2B on an input side and on an output side, 
there is a problem in that the circuit size is increased. 
[0011] 

The present invention has been accomplished in view of the above-mentioned 
points, and has an object of providing a control apparatus and a control method having 
a simple construction capable to stably perform switching of an optical path in an 
optical signal exchanger, while suppressing an influence on a control by mechanical 
resonance of tilt mirrors. 
[0012] 

[Means for solving the Problems] 

In order to achieve the above-mentioned object, according to the present 
invention, there is provided a control apparatus of an optical signal exchanger which 
includes a first mirror array and a second mirror array, each having a plurality of tilt 
mirrors arranged on a plane, each tilt mirror having a reflecting surface an angle of 
which is controllable, and which sequentially reflects an input optical signal by the first 
and second mirror arrays to output from a specific position, for detecting power of an 
optical signal output from Ifte specific position, and feedback controlling the angle of at 
least one of the reflecting surfaces of the tilt mirrors, which have reflected the optical 
signal on the first and second mirror arrays, based on the detection result, wherein the 
control apparatus is configured such that it comprises a resonance component 
removing section that removes frequency components corresponding to mechanical 
resonance actions of the tilt mirrors, included in control signals used for the feedback 
control, and the resonance component removing section is at least shared 
corresponding to a pair of driving electrodes arranged in a coaxial direction of the tilt 
mirrors. 
[0013] 

In the control apparatus having such a construction, in the drive control of tiie 
tilt mirrors, taking into consideration that the mirror angle is tilted by applying a drive 
voltage to only one of the pair of driving electrodes existing in the coaxial direction of 
each tilt mirror, the resonance frequency component included in the control signal is 
removed by the resonance component removing section, which is at least shared 
— corresponding io the pair of diivirty electrodes arranged in the coaxial direction of each 
tilt mirror on the first and second mirror arrays. As a result, an influence on the 
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feedback control by the resonance action of the tilt mirrors can be reduced, while 

suppressing an increase of the circuit size. 

[0014] 

[Mode for Carrying Out the Invention] 

Hereunder is a description of embodiments of the present invention, based on 

the drawings. 

FIG 1 is a functional block diagram showing a constitution of a control 
apparatus of an optical signal exchanger according to a first embodiment of the 
present invention. Further, FIG. 2 is a schematic diagram showing an overall 
configuration of an optical signal exchanger to which the control apparatus of FIG. 1 is 
applied. Components the same as those in the conventional constitution shown in FIG 
25 are denoted by the same reference symbol. 
[0015J 

in the figures, an overall configuration of Ibis embodiment is one where, for 
example as with the conventional constitution shown in FIG 25, in an optical signal 
exchanger of three-dimensional type constituted by combining two collimator arrays 
1A and 1B having a plurality of collimators arranged in two dimensions, respectively, 
and two MEMS mirror arrays 2A and 2B having a plurality of MEMS mirrors arranged 
in two dimensions corresponding to the collimators of the collimator arrays 1 A and 1 8, 
respectively, there is provided a control apparatus comprising: an optical coupler array 
11 provided at a latter stage of an output optical fiber array 10B connected to the 
collimator array 1B on an output side; an optical power detection section 12 that 
detects power of light branched by each optical coupler of the optical coupler array 11 ; 
a comparison control section 13 that judges a coupling state of an optica! signal with 
respect to an output optical fiber based on the detection result of the optical power 
detection section 12, to control respective MEMS mirror drive sections 14Aand 14B so 
that an optical output level becomes a constant; and resonance component removing 
sections 15A and 15B that remove frequency components corresponding to the 
mechanical resonance action of the MEMS mirrors, from control signals which are 
respectively fed back from the comparison control section 13 to the MEMS mirror drive 
sections 14Aand 14B. 
[0016J 

Here, fiie MEMS mirror array 2A corresponds to a first mirror array, the MEMS 
14A corresponds to a first mirrer drive section, and the MEMS mirror drive section 14B 
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corresponds to a second mirror drive section. 

The collimator array 1 A of the optical signal exchanger is connected with an 
input optical fiber array 10A having a plurality of optical fibers arranged in two 
dimensions corresponding to the respective collimators, and light emitted from each 
input optical fiber passes through each collimator to become parallel light, to be sent 
towards the MEMS mirror array 2A. Further, the collimator array 1B is connected wrth 
an output optical fiber array 10B having a plurality of optical fibers arranged in two 
dimensions corresponding to the respective collimators, and light reflected by the 
MEMS mirror array 2B passes through each collimators to be coupled to each output 
optical fibers. 
[0017] 

The MEMS mirror array 2A is arranged to tilt so that the normal direction of a 
plane on which mirror surfaces of the respective MEMS mirrors are arranged is not 
parallel to a propagation direction (optical axis direction) of an optical signal sent from 
the collimator array 1 A. Further, the MEMS mirror array 2B is arranged at a required 
position at which light reflected by the respective MEMS mirrors of the MEMS mirror 
array 2A is reflected again by the corresponding MEMS mirrors, to be guided to the 
collimator array 1B. Each of the MEMS mirror arranged in the MEMS mirror arrays 2A 
and 2B is a known micro tilt mirror made up using micromachining (MEMS) technology. 
More specifically, for example a movable plate with the X axis direction (first axial 
direction) and the Y axis direction (second axial direction) supported by torsion bars 
and formed with a mirror on an upper surface thereof, is disposed on a silicon 
substrate integrally, and an oscillation angle of the mirror is variably controlled by 
rotating the movable plate about the torsion bars with a magnetic force generated by 
applying a required voltage to four electrodes respectively arranged in the vicinity of 
opposite ends in the respective axial directions of the movable plate (refer to FIG 26). 
£0016] 

In the optical coupler array 11, a plurality of optical couplers are arranged 
corresponding to the respective output optical fibers of the output optical fiber array 
10B, and a part of the optical signal propagated through each output optical fiber is 
branched by each optical coupler to be sent to the optical power detection section 1 2. 

The optical power detection section 12, for example as shown on an upper left 
— part of FIG. 1, includes a photodetector12A1ha1^^ 

each optical coupler of the optical coupler array 11 to generate a current signal 
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corresponding to optical power of the monitor light, and an l/V converter 12B that 
converts the current signal output from the photodetector 12A into a voltage signal. In 
FiG 1, only one set of the photodetector 12A and the W converter 12B is shown. 
However, it is assumed that actually, the optical power detection section 12 is provided 
with the photodetectors 12Aand the W converters 12B respectively corresponding to 
the respective optical couplers of the optical coupler array 11, that is, corresponding to 
the number of output channels of the optical signal exchanger. 
[0019J 

The comparison control section 13, for example as shown a center left part of 
FiG 1 , includes an AO converter 13A, an operational circuit 13B and a selector 13C. 
The A/D converter 13A is a typical voltage circuit that converts an analog voltage signal 
output from the optical power detection section 12 into a digital signal. The converted 
digital voltage signal is sent to the operational circuit 1 3B. In the operational circuit 1 3B, 
while omitted from the figure, that is supplied with a signal indicating a previously set 
target value, a difference between an output signal from the A/D converter 13Aand the 
target value is calculated, and a digital control signal for correcting a drive condition of 
the MEMS mirror to be controlled so that a value of the difference becomes minimum 
is sent to the selector 1 3C. The MEMS mirror to be controlled is specified by supplying 
information related to an input channel corresponding to an output channel detected 
by the optical power detection section 12. The selector 13C is a circuit that selectively 
switches and outputs a control signal from the operational circuit 13B, corresponding 
to the MEMS mirror drive sections 14Aand 14B. 
[0020] 

Here, an example is shown where the target value is previously set, and a 
control signal is generated corresponding to the difference to the target value. 
However, the present invention is not limited to this, and for example, instead of setting 
such a target value, a control signal may be generated to optimize the angle of the 
reflecting surface of the MEMS mirror to be controlled, so that the optical power 
detected by the optical power detection section 12 is approximately maximized 
(becomes close to a maximum). As described later, the functional effect according to 
the present invention can be similarly obtained irrespective of the method of the 
feedback control of the MEMS mirror. 
[0021] 

The MEMS mirror drive section 14A is for drive controlling the MEMS mirror 
array 2A on an input side of the optical signarexchanger. Furthermore, the MEMS 
mirror drive section 14B is for drive controlling the MEMS mirror array 2B on an output 
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side of the optical signal converter. More specifically, the respective MEMS mirror 
drive sections 14Aand 14B include, corresponding to the plurality of MEMS mirrors of 
the MEMS mirror arrays 2A and 2B, for example as shown on the right side of FI& 1 , a 
pair of D/A converters 21X-1. 21X-2 and drivers 22X-1, 22X-2 corresponding to the 
X-axis direction, and a pair of D/A converters 21Y-1, 21Y-2 and drivers 22Y-1, 22Y-2 
corresponding to the Y-axis direction. 

100221 The D/A converters 21X-1. 21X-2, 21Y-1. and 21Y-2 (hereunder also 
generically referred to as D/A converters 21) provided in the respective MEMS m.rror 
drive sections 14A and 148 convert digital control signals transmitted from the 
comparison control section 13 via the respective resonance component removing 
sections 15A and 15B into analog values, to output to the respective drivers 22X-1. 
22X-2, 22Y-1 , and 22Y-2 (hereunder generically referred to as drivers 22). Each driver 
22 applies a voltage in accordance with the analog value from the D/Aconverter 21, to 
an electrode of the corresponding MEMS mirror, to thereby drive the electrode, and 
adjusts the angle of the reflecting surface of the MEMS mirror. 
[0023] 

Each of the resonance component removing sections 15A and 15B has a 
function of removing a resonance frequency of each MEMS mirror arranged in the 
respective MEMS mirror arrays 2A and 2B, that is, the frequency component 
corresponding to id,™ in the equation (1), from the control signal output from Ihe 
comparison control section 13. Specifically, in this embodiment, for example as shown 
in Fia 1, the resonance component removing section 15A corresponding to the 
MEMS mirror drive section 14A comprises a plurality of digital Alters 31 X and a plurality 
of selectors 32X corresponding to driving of the plurality of MEMS mirrors on the 
MEMS mirror army 2A in the X axis direction, and a plurality of digital filters 31 Y and a 
plurality of selectors 32Y corresponding to driving of the plurality of MEMS mirrors on 
the MEMS mirror array 2A in the Y axis direction. Further, the resonance component 
removing section 15B corresponding to the MEMS mirror drive section 14B comprises 
a plurality of digital filters 31X and a plurality of selectors 32X corresponding to driving 
of the plurality of MEMS mirrors on the MEMS mirror array 2B In the X axis direction, 
and a plurality of digital filters 31 Y and a plurality of selectors 32Y corresponding to 
driving of the plurality of MEMS mirrors on the MEMS mirror array 2B in the Y axis 
direction. 

[0024] . ~~ 

The respective configurations of the resonance component removing sections 
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15A and 15B are. in other words, such that a resonance component in each control 
signal sentto the D/A converters 21 X-1 and 21*2 corresponding to the two electrodes 
in the X axis direction is removed by using one shared digital filter 31X. and the 
resonance component in each control signal sent to the D/A converters 2W and 
21 Y-2 corresponding to the two electrodes in the Y axis direction is removed by using 
one shared digital filter 31 Y, for the individual MEMS mirrors on the MEMS mnrror array. 
The reason why sharing of the digital filter corresponding to each ax.al diction 
becomes possible is that the reflecting surface of the mirror is tilted by applying a 
voltage to only one of the two electrodes existing in the coaxial directoon, .n dnv.ng the 
MEMS mirror. 
10025] 

The digital filters 31X and 31Y in the respective resonance component 
removing sections 1SA and 15B can be realized by using, for example a 
band-elimination filter of Butteiworth type, generally referred to as a notch filter, 
following a transfer function G*(5) shown in the following equation (2): 
[0026) 

[Mathematical Equation 2] 

G(s> = 5- ... (2) 

where w n is a central frequency * an elimination band. Q is an index expressing toe 
elimination bandwidto. and s is a Laplacian operator. The resonance frequency 
component of the MEMS minor included in the control signal can be removed, by 
using a notch filter in which the value of c^in the transfer function G n (S) is substantially 
made to be coincident with <*« * the aforementioned equation (1), as the digital 
filters 31X and 31Y. As a specific configuration of each of tf» digital filters 31X and 31Y 
it is possible to apply, for example, an IIR-type digital filter circuit. However, the digrtal 
filters 31X and 31 Y are not limited to the circuit configuration of the IIR type, and it is 
possible to apply a known digital filter circuit following the transfer function in equation 
(2) The fitter used for removing the resonance component in the present invenfion is 
not limited only to toe band-elimination filter of Butteiworth type, and it is also possible 
to apply, for example, a Chebyshev type filter and an elliptic function type filter, and an 
application of a low-pass filter having a cutoff frequency correspond.ng to the 
resonance frequency is also possible. 

100271 In the control apparatus having such a constitution, toe optical signal input to 
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the optical signa! exchanger via the input optical fiber array 10A passes through a 
corresponding collimator in the collimator array 1A on the input side, to become 
parallel light, which is sent towards the MEMS mirror array 2A. The optical signal 
having reached the MEMS mirror array 2A is reflected by the corresponding MEMS 
mirror so that the propagation direction thereof is changed, and is then sent towards 
the MEMS mirror array 2B, where it is further reflected by a required MEMS mirror so 
that the propagation direction thereof is changed. 
[0028] 

The optical signal sequentially reflected by the respective MEMS mirror arrays 
2A and 2B passes through the collimator array 1 B on the output side and is output to a 
specific optical fiber in the output optical fiber array 10B, and a part of the optical signal 
is branched by a corresponding optical coupler in the optical coupler array 11 to be 
sent to the optical power detection section 12. In the optical power detection section 
12, the optical signal from the optical coupler array 11 is received by the photodetector 
12A to generate a current signa! corresponding to ihe optical power. The current 
signal is converted to a voltage signal by the l/V converter 12B, to be output to the 
comparison control section 13 together with information of the corresponding output 
channel. At this time, when the MEMS mirror located on the propagation path in the 
output channel where the power has been detected is resonating, the power of the 
output light is varied according to the resonance frequency. Hence, the voltage signal 
output from the optical power detection section 12 to the comparison control section 13 
includes a frequency component corresponding to the resonance frequency of the 
MEMS mirror. 
[0029] 

In the comparison control section 13, the analog voltage signal output from the 
optical power detection section 12 is converted to a digital value by the A/D converter 
1 3A, to be sent to the operational circuit 1 3B. The operational circuit 1 3B determines a 
difference between the digital value from the A/D converter 13A and a previously set 
target value, generates a digital control signal for correcting the angle of the reflecting 
surface on one or both of the MEMS mirrors located in the propagation path in the 
channel so that the difference approaches zero, and outputs the digital control signal to 
the selector 13C. The selector 13C selectively outputs the control signal from the 
operational circuit 13B to the respective digital filters 31X and 31Y in the resonance 
component removing sections 15Aand 15B, corresponding to the MEMS mirror to be 

controlled. — — — 

[0030] 
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Each of the digital filters 31 X and 31 Y removes the frequency component 
corresponding to the resonance action of the MEMS mirw, from the digital control 
signal sent from the comparison control section 13, to output the digital control signal 
to each of the corresponding selectors 32X and 32Y Specifically, for example as 
shown in FIG 3, the control signal corresponding to a resonant gain characteristic of 
the MEMS mirror shown by a thin line passes through the notch filter having a 
transmission characteristic shown by a broken line. As a result, a control signal in 
which the resonance frequency component is removed as shown by a bold line is 
generated. The respective selectors 32X and 32Y selectively output the control 
signals which have passed through the digital filters 31X and 31 Y to the D/A converters 
21X-1 and 21Y-1 or to the D/A converters 21X-2 and 21Y-2 in the MEMS mirror drive 
sections 14A and 14B, corresponding to whichever voltage applied to the two 
electrodes in the coaxial direction of the MEMS mirror is to be controlled. 
[0031] 

In each of the MEMS mirror drive sections 14A and 14B, the digital control 
signal from each of the resonance component removing sections 15A and 15B is 
converted into an analog value by the D/A converter 21, to be sent to the 
corresponding driver 22. In each driver 22, the drive voltage to be applied to the 
electrode of the corresponding MEMS mirror is adjusted, in accordance with the 
control signal converted fo the analog value, so that the angle of the MEMS mirror is 
feedback controlled. 
[0032] 

According to the control apparatus of the first embodiment, the digital filter for 
removing the resonance component in the control signal is shared with respect to the 
coaxial direction of the individual MEMS mirrors on the respective MEMS mirror arrays 
2Aand 2B, taking into consideration that the reflecting surface is tilted by supplying a 
drive voltage to only one of the two elearodes existing in the coaxial direction of the 
MEMS mirror. As a result, an influence on the feedback control by the resonance 
action of the MEMS mirror can be reduced, while suppressing an increase of the circuit 
size. Therefore, it becomes possible to stably control the power of the optical signal in 
each channel output from the optical signal exchanger, and switching of the input and 
output channels in the optical signal exchanger can be reliably carried out 
[0033] 

Next is a description of a control apparatus of an optical signal exchanger 

sccordinCj to 2 s$cond smbodimentof ths prsssnt invention, 
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component removing section and an MEMS mirror drive sec 
apparatus according to ihe second embodiment 

100341 ,„ m. 4. the corflguratton <* «** ««— ,n •* "^" t 

.moving sections 15A and o^^verter 21 in the 

33Y, instead of the leas, signfflcant bit detected 

MEMS minor drive section is switched, according w u « 
by each of the LSB decode circuits 33X and 33Y. 

in FIG 4 only the configuration corresponding to one of the plurality of MEMS 
u^^JL 2A(2B) is shown. However, the same configurate 
is correspondingly provided m each of the plurality *> 
constitute the resonant component ^ ^^ZToZp,^ 
minor drive section 14A(14B)^ » me 

the control apparatus other than the configurate show^ in FIG 4 
configuration of the overall optical signal exchanger are 
embodiment shown in FIQ 1 and FIG. 2, and henoe the desonption thereof omitte 



here. 



100351 The lsb decode circus 33X is provided, tor example, before *re d^ *r 

, 1X J^r^sigrfcantbitfcthecor^s^ 

.' T^otTs tete digtel filter 31X, and outputting a switching signal to turn on 
control section 13to*ed«mi ™ : . according to the 

as with the LSB decode ciro* 33X. tor ^f^^er 
£T£ control sfcna, semlon, the comparison "ntn^n 13to*e 
31Y and output** a aiffcMng signal to turn on one of the D/Aconverters 21Y an 
21Y-2 and to turn off the other, according to the detection result 

[0036, ln the second embodiment having such a constfutfon. the 

jn the drive comm. the > ^^S^^^ymmi 
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code is allotted as a control signal to the D/A converter 21X-1 (21Y-1), and an even 
digital code is allotted as a control signal to trie D/A converter 21X-2 (21Y-2). As a 
result, the least significant bit in the digital value of the control signal directly serves as 
an identifier, and when the least significant bit is "1", the D/A converter 21 X-1 (21Y-1) is 
switched on, and the D/A converter 21X 2 (21Y-2) is switched off. When the least 
significant bit is "0". the D/A converter 21X-1 (21Y-1) is switched off, and the D/A 
converter 21X-2 (21Y-2) is switched on. Hence, the function corresponding to the 
selector can be realized. In this case, in the actual drive control of the MEMS mirror, 
since the drive voltage applied to each electrode depends on the digital code, the 
information added to the least significant bit as the identifier may affect the control. 
However, when high-bit D/A conversion is carried out, an error in the drive voltage due 
to the least significant bit becomes allowable. Hence, it is possible to reliably perform 
the drive control of the MEMS mirror by the switching method as described above. 
[0037J 

Next is a description of a control apparatus of an optical signal exchanger 
according to a third embodiment of the present invention. 

In the described second embodiment, switching of operation of the D/A 
converter corresponding to the coaxial direction of one MEMS mirror is carried out 
accoiding to whether the digital value of the control signal is an odd number or even 
number. However, it is also possible to switch the operation of the D/A converter 
according to whether the digital value of the control signal is a certain value or higher. 
In the third embodiment, a control apparatus using such a switching system will be 
described. 
[0038] 

FIG. 5 is a block diagram showing the main configuration of a resonance 
component removing section and an MEMS mirror drive section in the control 
apparatus according to the third embodiment. 

In FIG 5, the configuration of the control apparatus in this embodiment is 
different from that of the second embodiment shown in FIG. 4 in that the respective 
resonance component removing sections 15A and 15B include MSB decode circuits 
34X and 34Y and difference circuits 35X and 35Y, respectively, instead of the LSB 
decode circuits 33X and 33Y, and on and off of the D/A converter 21 is switched, 
according to the most significant bit detected by each of the MSB decode circuHs 34X 

sn&MY. ; 

[0039] 
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Also in FIG 5, only the configuration corresponding to one of the plurality of 
MEMS mirrors on the MEMS mirror array 2A (2B) is shown. However, the same 
configuration is correspondingly provided in each of the plurality of MEMS mirrors, to 
thereby constitute the resonance component removing section 15A (15B) and the 
MEMS mirror drive section 14A (14B) in this embodiment The configuration of the 
other parts of the control apparatus other than the configuration shown in FIG 5, and 
the configuration of the overall optical signal exchanger are the same as in the first 
embodiment shown in FIG, 1 and FIG 2, and hence the description thereof is omitted 

here. 
E0040] 

The MSB decode circuit 34X is provided, for example, before the digital filter 
31X, for detecting the most significant bit in the control signal sent from the comparison 
control section 13 to the digital filter 31 X via the difference circuit 35X, and outputting a 
switching signal to turn on one of the D/A converters 21X-1 and 21X-2 and to turn off 
the other, according to the detection result. The MSB decode circuit 34Y is also 
provided, for example, before the digital filter 31 Y, as with the MSB decode circuits 34X, 
for detecting the most significant bit in the control signal sent from the comparison 
control section 13 to the digital filter 31 Y via the difference circuit 35Y, and outputting a 
switching signal to turn on one of the D/A converters 21Y-1 and 21Y-2 and to turn off 
the other, according to the detection result. 
[0041] 

Each of the difference circuits 35X and 35Y determines a difference between 
the digital value of the control signal which has passed through each of the MSB 
decode circuits 34X and 34Y and a central value described later, and outputs a digital 
signal indicating a value of the difference to each of the digital filters 31 X and 31 Y 

In the third embodiment having such a constitution, for example, when n-bit 
D/A conversion is performed by the respective D/A converters 21 in the respective 
MEMS mirror drive sections 14Aand 14B, as shown in FIG 6, a value corresponding 
to 2"" 1 in a digital value is previously set as the above described central value, and 2"" 1 
to 2" are allotted to the driver 22X-1 (22Y-1), and 0 to 2 0 " 1 are allotted to the driver 
22X-2 (22Y-2). As a result it becomes possible to perfomn switching of operation of 
the D/A converter, depending on a small and large relation of the digital value of the 
control signal with respect to the central value 2 n '\ and the most significant bit in the 
digital value serves as an identifier. Specifically, when the most significant bit is "1", the 
D/A cgfs vort&f 21 X~1 (2i Y^l ) is switched on , snd ftiB D/A con v^rt^r 2 1 X-2 (251 Y~2) is 
switched off. When the most significant bit is "0", the D/A converter 21X-1 (21Y-1) is 
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switched off, and the D/A converter 21X-2 (21Y-2) is switched on. Hence, the function 
corresponding to the selector can be realized. At this time, the difference vaiue 
determined by each of the difference circuits 35X and 35Y that is, the difference vaiue 
of the digital value of the control signal with respect to the centra! value 2 n ' 1 is used as 
the control value of the drive voltage, and this difference value is sent to each of the 
digital fitters 31X and 31 Y The difference vaiue determined by each of the difference 
circuits 35X and 35Y may be a simple difference or an absolute value. When a simple 
difference value is used, the drive voltage by the driver 22X-2 (22Y-2) to which 0 to 2 M 
are allotted becomes a negative value. However, the miiror angle is determined by the 
absolute value of the drive voltage at the time of driving the MEMS mirror, and hence 
there is no problem in control. 
[0042] 

According to the third embodiment, the digital value of the control signal is 
allotted to each driver, based on a required central value, and switching of on and off of 
the respective D/A converters is carried out, using the most significant bit in the digital 
value as the identifier. As a result, it is possible to reliably carry out the drive control of 
the MEMS mirror, in the same manner as in the second embodiment 
[0043] 

Next is a description of a control apparatus of an optical signal exchanger 
according to a fourth embodiment of the present invention. In the fourth embodiment, 
an application example associated with the control apparatus in the third embodiment 
will be considered. 

FIG. 7 is a block diagram showing the main configuration of a resonance 
component removing section and an MEMS mirror drive section in the control 
apparatus according to the fourth embodiment. 
[0044] 

The main configuration of the control apparatus shown in FIG 7 is different 
from that of the third embodiment shown in FIG 5 in that, in the respective MEMS 
mirror drive sections 14A and 14B, one driver 22X using a half wave rectifier circuit is 
used instead of the two drivers 22X-1 and 22X-2 in the X axis direction, and one driver 
22Y using a half wave rectifier circuit is used instead of the two drivers 22Y-1 and 
22Y-2 in the Y axis direction, and the D/A converter that has been provided two in 
number for each axial direction is shared, as D/A converters 21X and 21 Y. By such 
modification in the respective MEMS mirror drive sections 14A and 14B, the MSB 
decode circuits 34X and 34 Y can be omitted in the respective resonance component 
removing sections ISAand 15B. 
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1 Also in FIG 7, only the configuration corresponding to one of the plura % of 
MEMS mZ on the MeW mirror array 2A (2B) is shown Howev* ** m-» 
«L aura «oo I* correspondingly provided in each of the piuratty rrf ME MS ™.to 
merely constitute the resonance oomponen. removing sermon 
MEMS mirror drive section MA (MB) In this embodiment. The oor*gun*on of the 
ITpal of the contra, apparatus other man me ^" ra "" n "™£ ^ 
me conBguratlon of the overall optical signal exchanger are the same as m me ft* 
shown in FIG 1 and FIG 2, and hence me descripdon thereof h omitted 



hero. 



aiedficallyeachofttfedriv^^ 
a recafcr circuit 22a and an inverted haif wave recWfer ck* 

^ l^e voHage vaiue output from me D, A converter 21X is supply I to*. 
n^inCrSd half wave rectifier circutt 22a, and a negativa vojfege vafce outoutfrem 
ZuA converter 21X is supptted to the inverted ha., wave «M. r <£rt 2* 

Awarding to such a conjuration, the t*A converter and me « * 

^x^-rse^-rdiae. 

coribol by Ihe rasonance acftm of the MEMS minors can be reduced, 
while effectively suppressing the increase of me circuit size. 

100471 in the fourth embedment for exampfe, as shown to 

nravide analog filters 31X* and 31Y between me D/Aoonverters 21X and 21Y, and the 

ar^d 31T are analog notch «ers or the f*e following me transfer fur»*on »i 



equation (2) 
[00483 



Next is a description of a control apparatus of an optical signal exchanger 
according to a fifth embodiment of the present invention^ 

FIG 9 is a block diagram showing a configuration of a control apparatus 

accordina to the fifth embodiment . _ L . . 

Tehown h F.G 9, the contral apparatus in ths embodiment is charactered 
m that one e nsitaTHfeMflftTS^vided-cei^^ mirrors on tne 

« 2A, and one <*». fitter 16B is pravHfcd corresponding to aH 
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MEMS mirrors on the MEMS mirror array 2B. The configuration of the control 
apparatus other than the part where the digital filters 16A and 16B shared by each 
MEMS mirror array are provided, and the configuration of the overall optical signal 
exchanger are the same as in the first embodiment shown in FIG. 1 and FIG. 2, and 
hence the description thereof is omitted here. 
[0049] 

In the described first embodiment described above, the digital filter removing 
the resonance component in the control signal is shared with respect to the coaxial 
direction of the individual MEMS mirrors on the respective MEMS mirror arrays 2Aand 
2B, taking into consideration that the reflecting surface is tilted by supplying a drive 
voltage to only one of the two electrodes existing in the coaxial direction of the MEMS 
mirror. Further, in this embodiment, taking into consideration that since the respective 
MEMS mirror arrays 2Aand 2B are formed respectively in the same process, there is a 
high possibility that the plurality of MEMS minors on the respective arrays have 
substantially the same resonance frequency, the digital filter for removing the 
resonance component is shared by ail MEMS mirrors corresponding to the respective 
MEMS mirror arrays 2A and 2B. 
[0050] 

Specifically, for example, as shown in FIG. 10, each of the digital filters 16A 
and 168 shared by the respective MEMS mirror arrays 2Aand 2B includes a previous 
stage memory 16a, a After circuit 16 and a subsequent stage memory 16c. The 
previous stage memory 16a is a known memory such as a DPRAM, that can store 
collectively digital control signals output from the comparison control section 13, 
respectively corresponding to the plurality of (for example, n) MEMS mirrors on the 
MEMS mirror array. Digital values stored in this previous stage memory 16a are 
sequentially read by the filter circuit 16b, as described below. The filter circuit 16b is a 
known digital filter circuit following the transfer function in equation (2). The 
subsequent stage memory 16c is a known memory such as a DPRAM, that can 
temporarily store the control signals that have passed through the filter circuit 16b, and 
output the stored control signais to the D/A converter 21 at required timing respectively 
corresponding to the n MEMS mirrors. 
[0051] 

FIG. 11 is a time chart for specifically describing the operations of the digital 
filters 16A and 16B. In each of the digital filters 16A and 16B, as shown in the first 
stage in FIG 11. control signals output from the compariswi^ntrorsectionM3r 
respectively corresponding to the MEMS mirrors of from #1 to #n are input to the 
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„™im, s staoe memory 16a to be stored, "men, the controt signals that have been 
SlXrr^ memory 16a and have passed *^ 
TeTbecome, as shown in the second stage h FIG "-"^ 
Z#1 MEMS mirror, and m digital oodes #2-1 to #2-m forlhe #2 MEMS mirror, and ,n 
7e!™ m *i* codes#n-1 to#n-m for the #n MEMS nTor, and 
TZ subsequent stoge ^ «o to be store* * . ^™ 
16c as shown in the third stage in FIG 11 , the first drgrtal codes #1-1 to #n 1 « 
ZZ MEMS mirror of from #1 to #n are arranged in a first sampling peno* 
T^ond d^a. codes #1-2 lo #n-2 are arranged in a next samp»r* penod^nd « 
*! -™ wJrearranaemera of the stored digital codes am performed up to the m-ft 
*W c^r#C^ Then, the rearranged digW codes are sequentially output 

dkrtal codes input to the D/Aconverter 21 corresponding to Ihe #1 MEMS mrrro are 

Z£?JL***m*~*™ H.th^Aconveder* 

eodes from Ihe subsequent stage memory 16c into analog values that are , hefc l«~ 

7ZmT£* whrch the resonance component is removed by the dig*,, filter is 
transmitted to the driver 22 corresponding to each MEMS mirrof. 

100521 According to the oontto. apparatus in the fifth embodiment the digital Mr for 
ramovin fl the resonance component is shared by a« MEMS minors corresponds to 
3pe^MS mirror arrays 2Aand 2B, faking into consideration the, «• fte 
respective MEMS mirror arrays 2A and 2B are formed in the same 
high possibility that the ptoroWy of MEMS mirrore on the respecfive arrays have 
slL*% L same resonance frequency. As a result, the ■*^»*- 
SLdba* control by the resonance acSon of the MEMS mirrors can be reduced, while 
suppressing the increase of the circuit size. 

100531 ,n the above «fth embodiment, Ihe ffltor for removing Ihe resonance 
component is shared in each MEMS mirror anay. However, for example, an 
SonJalsopossWeih which *e«erforr^ovhg^ resonance co^p^ 
Zed in each of axial directs of the X axis and Y axis, with respect to all MEMS 
mlrrorsonthetwoMEMSmlirorarrays2Aand2B. 

!n the fifth embodiment, the filter is ahared. taking into consrderafon that ftere 

is « high possll^ fiatTfiept^^ 

substantial* thesame resonance frequency. However, ftere is a possrbrlrty fhat a 
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significant difference still exists in the resonance frequency of the individual MEMS 
mirror, and for a certain MEMS mirror on the MEMS mirror array, a difference is caused 
between the resonance frequency thereof and a cutoff frequency of the filter so that 
the resonance component cannot be suppressed sufficiently, in such a case, for 
example, the filter shared for each MEMS mirror array is placed in multi-stages. In 
other words, by connecting in series a plurality of filters having the same characteristic, 
the elimination bandwidth is enlarged. As a result, the resonance component, 
including a variation in the resonance frequency of the individual MEMS mirror, can be 
suppressed. Moreover, the same effect as that of placing the fitters in multi-stages can 
be obtained, for example, by using a filter having a small Q value in equation (2), 
instead of placing the filters in multi-stages. 
[0054] 

Next is a description of a control apparatus of an optical signal exchanger 
according to a sixth embodiment of the present invention. 

In the first to fifth embodiments, when the driver 22 to be driven is switched by 
switching the input and output channels or the like, that is, when the electrode to which 
the drive voltage is applied, is switched to the electrode on ttie coaxially opposite side, 
the applied voltage to the electrode that has been driven before switching is required to 
be dropped to 0V, and tfie control signal to be supplied to the D/A converter 21 
corresponding to that electrode is reset to an initial value. In such a constitution, for 
example as shown in FIG, 12. a control signal having a driving waveform capable of 
suppressing the resonance action of the MEMS mirror is supplied to the side to be 
driven after switching (driver 22X-2a side). However, since a control signal having a 
driving waveform momentarily changing to a value corresponding to 0V is supplied to 
the side having been driven before switching (driver 22X-1a side), there is a possibility 
that the resonance phenomenon of the MEMS mirror may occur due to the driving 
operation by this control signal. Hence, in the sixth embodiment, a control method for 
suppressing the resonance action at the time of switching the driver will be described. 
[0055] 

FIG 13 is a diagram showing one example of a driving waveform at the time of 
switching the driver in the sixth embodiment. FIG 14 is a flow chart for explaining the 
control operation at the time of switching the channel in the sixth embodiment. In the 
example of FIG. 13, the waveforms of the control signals supplied to the respective 
drivers 22X-1 and 22X-2 are shown, for the case where the driver to be driven is 

switched from 22X-1 to 22X-2 by switching of the input and output channels. 

[0056J 
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In the control apparatus in this embodiment, when switching of control for 
driving the driver 22X-2 instead of the driver 22X-1 that has been driven up to that time 
is made by switching the channels or the like, in step 1 in FIG. 14 (shown as 81 m the 
figure and similarly hereunder for other steps), an initial value after switching with 
respect to the driver 22X-2 is loaded to the comparison control secton 13. Then, in 
step 2 it is judged whether or not switching of the driver is necessary by switching the 
channels When it is necessary to switch the driver, control proceeds to step 3, while 
when it is not necessary to switch the driver, control proceeds to step 6. In step 3, a 
control signal having a waveform as shown on the upper stage in FIG 13, that is, a 
control signal generated by processing a control value for changing the drive voltage 
from the current value to OV by the digital fitter 31X is supplied to the dnver 22X-1 
currently being driven, via the D/A converter 21X-1 , As a result, the resonance acton 
of the MEMS mirror that occurs when the drive vottage of the driver 22X-1 is changed 
to OV is suppressed. 
[0057] 

Next in step 4, the driver to be driven is changed to 22X-2 by switching of the 
selector 32X or the like. In step 5, a control signal having a waveform as shown on the 
lower stage in FIG. 13, that is. a control signal processed by the digital filter 31X based 
on the initial value set in step 1 is supplied to the switched driver 22X-2 via the D/A 
converter 21X-1. As a result, the resonance action of the MEMS mirror that occurs 
when the drive vottage of toe driver 22X-2 is changed to the initial value is suppressed. 
[0058] 

When switching of the driver to be driven by switching the channels is not 
necessary then in step 6\ a difference between the current control value and the initial 
value after switching is determined, to be processed by the digital filter 31X Then, .n 
step 7 a value of the difference that has been fMernprocessed in step 6 is added to the 
current control value to thereby generate a control signal, and the appropriate driver is 
successively driven in accordance with the control signal. FIG 15 shows an example 
of a driving waveform when the driver 21X-1 is driven before and after the switching of 
the channels. 
[0059] 

Next is a description of a control apparatus of an optical signal exchanger 
according to a seventh embodiment of the present invention. 

In the seventh embodiment, taking into consideration that the residual 

of the mirror, a control apparatus which suppresses resonance corresponding to the tilt 
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angle will be described,. 
[0060] 

FIG 16 is si block diagram showing the main configuration of the control 
apparatus according to the seventh embodiment. 

In FIG 16, in the control apparatus in this embodiment, for example, with 
respect to the configuration in the first embodiment, a variation amount detection 
section 17X that detects a variation in the digital value of the control signal generated 
by the comparison control section 13 is provided, so as to control the operation of the 
digital filter 31X serially connected to the digital filter 31 X in accordance with a 
detection result of the variation amount detection section 17X. In FIG 16, only the 
configuration corresponding to the X axis direction of one MEMS mirror is shown, but it 
is assumed that the same configuration is provided respectively in the Y axis direction 
of this MEMS mirror and also in other MEMS mirrors on the MEMS mirror array. 
(0061] 

The variation amount detection section 17X detects a variation in the digital 
value of the control signal output from the comparison control section 13, and 
generates a signal which enables the filtering operation by the digital filter 31X' when a 
variation amount exceeds a previously set reference value, and disables the filtering 
operation by the digital fitter 31X" to pass through the control signal when the variation 
amount is the previously set reference value or less. The digital filter 31X' has the 
same characteristic as that of the digital filter 31 X. 
[0062] 

In the control apparatus having such a configuration, when the variation 
amount detected by the variation amount detection section 17X exceeds the reference 
value, that is, when an angular control quantity of the MEMS mirror to be controlled is 
relatively large, the residual amplitude of mechanical resonance of the MEMS mirror is 
increased. Hence, it is necessary to increase a suppression effect of the resonance 
component by the digrtal filter. Therefore, a signal which enables the digital filter 31X* 
is output from the variation amount detection section 17X to me digital filter 31X\ to 
thereby suppress the resonance component by the digital filters 31X and 31 X' serially 
connected and having a two-stage construction. On the other hand, when the 
variation amount detected by the variation amount detection section 17X is the 
reference value or less, opposite to the above case, since the residual amplitude of 
mechanical resonance of the ME MS m irror to be controlled is small and the influence 
on the driving control is little, the suppression effect of the resonance component by 
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d,grtal filter SIX » output rrom ^ characteristic and the resonance 

filter 31X', so that the digital filter 31X has a mmugn ^ 
component is suppressed ohiy by the digrtal filter 31X. 

100631 as described above, according to the control apparatus in the seventh 

fm embodiment is shown, but it is similarly «Mk to other embodrments. 
^ Next * a description of a control af^retu* of an opto, signal eichanger 

*e SEE Log — ~ „^ ^ — 

rr,rrr— - — - 

will be described. 

100651 FIG 17 is a diagram shoeing the main conflguraSon of a r^nce 
oomponaTraLving seln in me oontrot apparatus according to the e-ghtt 
ambodimant ^ re[(K(ving ^ „, *. «** 

* «.« Ainiten fi&or* 31, and 31 2. according to the initial startup signal, 
either one of the digital filters aii anu o 12, aw *» .,*, ir h have 

dSoLd Mr. The sdacor 32, sefcCvely outpu* *e £ 
passed trough the reaped ^^ITXl 

^ n the initial value oT Wdri^^ ° f the '" P 

and output channels. 
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[0066] 

The digital filter 31 1 is a notch filter following the transfer function G n (s) in the 
above described equation (2). On the other hand, the digital filter 31 2 is a notch filter 
following a transfer function G n (s)' in the following equation (3); 
[0007] 

[Mathematical Equation 3] 

Gn(s) ._ M»'+u>») ... (3 ) 

where* k is a constant. The transfer function G n (s)' expressed by equation (3) is one 
obtained by giving a gain to the band on file high frequency side with respect to the 
transfer function G n (s) in equation (2). FIG 18 shows one example of the AC 
characteristic of the digital filter 31 2 . 
[0068] 

FIG 19 is a diagram showing one example of the response characteristic, 
when a driver is driven in accordance with a control signal processed in each of the 
digital filtera 31i and 31 2 . Furthermore, FIG 20 is a diagram showing one example of 
the response characteristic, when a transfer function Gmi~ms(s) of the MEMS mirror and 
the transfer functions G«(s) and G„(sV of the respective digital filters 31 , and 31 2 are 
combined. 
[0069] 

As shown in FIG 19 and FIG 20, it is seen that the rise time in the response 
characteristic is speeded up, by using the digital filter 31 2 - Therefore, it becomes 
possible to shorten the time required for optimization control, by applying the digital 
filter 31 2 at the time of feedback control of the tilt angle of the MEMS mirror. However, 
when the digital filter 31 2 is applied, as shown in FIG 19, a large over-shooting occurs 
in the driving waveform. Therefore, if the digital filter 31 2 is used when the angular 
control quantity is increased, as at the time of the initial startup, damage or the like of 
the MEMS mirror may result, and hence attention should be paid. Therefore, in the 
present embodiment, the selectors 32i and 32 2 are switched according to the input of 
the initial startup signal, to avoid damage or the like of the mirror, by using the digital 
filter 31 1 at the time of initial startup when the angular control quantity is large, or to 
speed up the feedback control by using the digital filter 31 2 at the time of feedback 
control when the angular control quantity is relatively small. 

j-QOl^Oj 

According to the eighth embodiment, since the digital filters are switched at the 
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control of *e MEMS mirror «nbe characteristics are 

in the eighth embod,rnent, two dgrtel filters na g t 

prepared, to use tt*se T^J^* tt t££ a — or 

character^ can be obtained by ^one .Mr. „, „. r(lter may be 

,. like of me <^ ^ £ ^ s^P and at me ttme of 

carried out by changing the constant at »» " 

feedback control. 

l°° 711 , . are switched at me time of initial startup 

,n me eighth embedment, me Altera a* >mM» a8 

and atmetime of feedback control, tospe* 3 1, to 31l 
shown in FIG 21, t»p«l*M a plurahty <L ^*"£>* d ^ ra 32 , ^ 32,, 
havfcgd^tchar^r,^ ^ ^ ^ 

and the digital ffltera 31, to 31,. to be applied are ^swacn turned 
control guar* deteded by me variaHon 

M me «M «era 31, to 3U in thts «-^^7*n the angular confroi 
value of k in eguauon (3) is «- a Bma " * 

quantity becomes large as at the tan. d ° dec[easedj a digita | tt 
value (k=1) is applied, and as me angular ' tfigital filter * carried out 

navingafcrgerkvalueisapp.ied. M ^^^TXZm con.ro,. and 

described above. 

100721 m the eigmh embodiment, a, me time of MM amdup. 

Attar 31a via the selectors a ^ signal passes through 

32, and 32, select the tow-pass ^ ^ 

the low-pass ff»er 18 and ma tZ» control signal passes onfy 

selectors 32, and 32 2 select me <^*#«™>™ ^ ^ 

thiiuirm^digW^^ 

avoiding overshooting of the driving waveform by me dtgtel War 31* 
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100731 Hereunder isdescribed aboutthe invention dfedosed in this specification. 

sianal output from said specific position, ana i«euw« ^. , . , 

on^CraflecUng surfaces of to tt ri« which have reflected *» opbcs, s,gna. 

-i ha<sed on the detection result, 

^n That amoves a frequency '-^^^'^ 
resonance action of each said « minor, included m a control s,gnal 
^Tcontrol and said reso,«nce component ren^secbon^^ 



mirror. 



[Sona. Noto 2) Aconttol apparatus of an optica, signal exchanger acceding to 

"""t « irST£*n mat supplies a voltoge to e«her one of a pair of 
a first rmrror anve rf ^ ^ mimr 

fnTse^ direct dfirerent from said firs, axial dirarion. to adjust tha ang.ao.tha 
mfl^rtinci surface of said tilt mirror; 

^a second minor drive section mat su*** a vCtoga to 

driving afeetrodes ananged in a first axia, din^on re** » ^J^Sl 

mirror array, and aiso suppHes a voitaga to ^ ™ * J^"££*£ Adjust the 

arranged in a second direction different from said first axial directon. to aaju 

angleofthereflectinasuiracetrfsaidfiltmirror 

an optical power detection section that detects power of the opto! s«nat 

"* - TcZET^ESE « .-rafes a corriro, signa, tor control^a 

^ing r^ :. — ~. - *r~"^s^ 

displacement of WTefie^rtgrsxtifac^^ 
optical power detected by said optical power detection section, 
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wherein said resonance component removing section includes: 

sectlontosaidfirstmirror drive section, by ^^T^^^^m 
shared for each of the first axial direction and the second ax«al d.recaon 

mirror, and eectw, that removes said 

a ■y-cond resonance component removing section mav > 

second axial direction of said each tilt mirror. 

£ZL. Note 3) A control apparatos of an op*a. signal exchanger according to 

^Ctin'sa* opttca, pr^er detect sec,™ — 
indteafl ng me detoctod op** powerto sa M <>™?™£££^ said optica, 
said comparison control section converts the trnkw awnal ™" JL. 

object to be contorted, to ^«^!^ fteclingsurfaoeof3ai d« mirror is 
sections, so that the angular displacement of the renecnng s 

C ° rIeC,8d ' ! .!!i; d rf said first and second resonance component removing sections 
comparison control section by using a digital filter. 

ISona. Note 4) A control apparatus of an optica, signa. exchanger according to 
^"l^n'aaid comparison control serfon a»c4s an even <^^- 

norresoondinq to the other driving electrode, and „ . oc ^ 

respond ng ^^ 

tunction^^. according to the ieast sigr^oant hit ^ 

said digital filter, to ^ m^^^^^ ^^ mm md ' 

direction said digital value corresponds. 
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[Q078J 

(Additional Note 5) A control apparatus of an optica! signal exchanger according to 
additional note 3, 

wherein said comparison control section allots 0 to 2"" 1 of n-bit digital values as 
a control signal corresponding to one of the driving electrodes arranged in the coaxial 
direction of said tilt mirror, and allots 2 n * 1 to 2 n of the n-bit digital values as a control 
signal corresponding to the other driving electrode, and 

each of said first and second resonance component removing sections has a 
function of determining, according to the most significant bit of the digital value input to 
said digital filter, to which one of the pair of driving electrodes arranged in the coaxial 
direction said digital value corresponds. 
[0079] 

(Additional Note 6) A control apparatus of an optical signal exchanger according to 
additional note 3, 

wherein said comparison control section allots 0 to 2"" 1 of n-bit digital values as 
a control signal corresponding to one of the driving electrodes arranged in the coaxial 
direction of said m mirror, and allots to 2 n of the n-bit digital values as a conlrol 
signal corresponding to the other driving electrode, 

each of said first and second resonance component removing sections 
determines a difference between the digital value input to said digital filter and a central 
value 2 ,v1 , and outpute the digital value corresponding to a value of said difference, as 
a control signal, to each of said first and second mirror drive sections, and 

each of said first and second mirror drive sections D/A converts the control 
signal from each erf said first and second resonance component removing sections to 
divide the control signal into positive and negative analog values, and sets said 
positive analog value as a control value corresponding to one of said driving 
electrodes arranged in toe coaxial direction, and said negative analog value as a 
control value corresponding to the other driving electrode. 
[0080] 

(Additional Note 7) A control apparatus of an optical signal exchanger according to 
additional note 6, 

wherein, instead of the digital filter, an analog filter is provided in each of said 
first and second resonance component removing sections, said analog filter removes 
the resonance frequency component included in toe D/A converted control signal in 

each of said first and second mirror drive sections 

[0081] 
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(Additional Note 8) A control apparatus of an optical signal exchanger according to 

additional noto 2, * . 

WW*** said first resonance component removing section removes said 
resonance frequency component included in the control sign*, sent from sarf 
comparison control section to said Bret mirmr drive secfion. by «M 
band-elimination filter that is shared corresponding to all tilt mirrors on sa,d first m,rror 

^'^aid second resonance component removing section removes said 
resonance frequency component included in the control signal sent from sa,d 
comparison control section to said second mirror drive section, by us,ng a 
band^limination filter that is shared corresponding to an tilt minors on said second 
mirror array. 

Sdlonal Note 9) A control apparatus of an optical signal exchanger according to 

additional note 1, , . . . 

wherein said resonance component removing section is shared 
corresponding to a pair of driving electrodes arranged in a first axial direction for alt ttt 
mirrors on said first and second mirror arrays, and also is shared correspond,^ , to ^ 
pair of driving electrodes arranged in a second axial direction drfferent from sa.d first 
axial direction. 

[0083] » 4 

(Additional Note 10) A control apparatus of an optical signal exchanger according to 

additional note 1, . . 

wherein said resonance component removing secfon comprises, for each of 
said shared configurations, a band-elimination filter having elimination bandw.dth 
corresponding to a variation in the resonance frequency of said tilt rnrnror. 
[00541 

(Additional Note 11) Acontrol apparatus of an optical signal exchanger according to 

additional note 10, , , 

wherein said resonance component removing section composes a circuit in 
which a plurality of band-elimination filters having the same characteristic are serially 
connected 

[0085] » > 

(Additional Note 12) A control apparatus of an optical signal exchanger according to 

additional note 1, 

wherein said resonance component removing section removes the resonance 
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frequency component Included In said control signal, by using a band-elimination filter 

of Butterworth type. 

[0086] 

(Additional Note 13) A control apparatus of an optical signal exchanger according to 
additional note 1, 

wherein said resonance component removing section removes the resonance 
frequency component included in said control signal, by using a band-elimination filter 
of Chebyshevtype. 
[0087] 

(Additional Note 14) A control apparatus of an optical signal exchanger according to 
additional note 1, 

wherein said resonance component removing section removes the resonance 
frequency component included in said control signal, by using a band-elimination filter 
of elliptic function type. 
[0088] 

(Additional Note 15) A control apparatus of an optical signal exchanger according to 
additional note 1, 

wherein said resonance component removing section removes the resonance 
frequency component included in said control signal, by using a low-pass filter having 
a cutoff frequency corresponding to the resonance frequency of said tilt mirror. 
[0089] 

(Additional Note 16) A control apparatus of an optical signal exchanger according to 
additional note 2, 

wherein, when the object to be controlled is switched from one driving 
electrode to the other driving electrode, with respect to the pair of driving electrodes 
arranged in the coaxial direction of said tilt mirror, said comparison control section 
supplies a control signal for making the one of the driving electrodes a non-driven state 
to a corresponding mirror drive section via said resonance component removing 
section, and then supplies a control signal for making the other driving electrode a 
driven state to a corresponding mirror drive section via said resonance component 
removing section. 
[0090] 

(Additional Note 17) A control apparatus of an optical signal exchanger according to 
additional note 1, 

band-elimination filters having different transfer functions from each other, for each of 
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said shared configuration, and selects at least one of said plural*, of »«""^ 
fitters accordingtoadrive voltage to 

to thereby remove the resonance frequency component included in said control signal. 

l^ditional Note 18) A control apparatus of an optical signal exchanger according to 

additional note 17, . ' . 

wherein said resonance component removing section selects one of said 
plurality of Anamination fitters, according to the time of initial startup and the time of 
feedback control. 

[00921 j. * 

(Additional Note 19) A control apparatus of an optical signal exchanger according to 

additional note 1. . . . M 

wherein said resonance component removing section includes a 
band-elimination filter whose transfer function can be changed, for each of said shared 
configurations, and changes a transfer function of said band^limination filter 
according to a drive voltage to be applied to the driving electrode of said tilt mirror to 
thereby remove the resonance frequency component included in said control signal. 

[Addlonal Note 20) Acontrot apparatus of an optical signal exchanger according to 

additional note 19, _ 

wherein said resonance component removing section changes the transfer 
function of said band-eHmination filter, according to the time of initial startup and the 
time of feedback control. 
[00941 

(Additional Note 21) A control method of an optical signal exchanger which includes a 
first mirror array and a second mirror array, each having a plurality of tilt m,rrors 
arranged on a plane, each lilt mirror having a reflecting surface an angle of which is 
controllable, and which sequentially reflects an input optical signal by said first and 
second mirror arrays to output from a specific position, for detecting power of an optica 
signal output from said specific position, and feedback controlling the angle of at teas* 
one of the reflecting surfaces of the tilt mirrors, which have reflected the optical signal 
on said first and second mirror arrays, based on the detection result, 

wherein a frequency component corresponding to a mechanical resonance 
action of each said tBt mirror, included in a control signal used for said feedback control, 
— is removed at least oommoniy corresponding to a pair of driving electrodes arranged in 
a coaxial direction of said tilt mirror. 
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[0095] 

[Effect of the invention] 

As described above, according to the control apparatus having such a 
construction, in the drive control of the tilt mirrors, taking into consideration that the 
mirror angle is tilted by applying a drive voltage to only one of the pair of driving 
electrodes existing in the coaxial direction of each tilt mirror, the resonance frequency 
component included in the control signal is removed by the resonance component 
removing section, which is at least shared corresponding to the pair of driving 
electrodes arranged in the coaxial direction of each tilt mirror on the first and second 
mirror arrays. As a result, an influence on the feedback control by the resonance 
action of the tilt mirrors can be reduced, white suppressing an increase of the circuit 
size. 

[Brief Explanation of the Drawings] 

[FIG 1] FiG 1 is a block diagram showing a constitution of a control apparatus 
of an optical signal exchanger according to a first embodiment of the present invention. 

[FIG 2] FIG2 is a schematic diagram showing an overall configuration of an 
optica! signal exchanger to which the control apparatus of FIG 1 is applied. 

[FIG 3] FIG 3 Is a diagram for explaining an operation of a resonance 
component removing section in the first embodiment 

[FIG 4] FIG 4 is a block diagram showing the mam configuration of a 
resonance component removing section and an MEMS mirror drive section in a control 
apparatus accorxling to a second embodiment of the present invention. 

[FIG 61 FIG 5 is a block diagram showing the main configuration of a 
resonance component removing section and an MEMS mirror drive section in a control 
apparatus according to a third embodiment of the present invention. 

[FIG 6] FIG 6 is a diagram tor explaining allotment of digital codes in the third 
embodiment. 

[FIG 7] FiG 7 is a block diagram showing the main configuration of a 
resonance component removing section and an MEMS mirror drive section in a control 
apparatus according to a fourth embodiment of the present invention. 

[FiG 8] FIG 8 is a diagram showing a configuration of an application example 

related to the fourth embodiment 

[FIG 9] FIG 9 is a block diagram showing a configuration of a control 



[FIG 10] FIG 10 is a block diagram showing a specific configuration of a 
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digital filter in the fifth embodiment. 

[FIG. 11] FIG 11 isatimechartforexplaininganoperat«onof the digrtal filter in 

the fifth embodiment _ Ai 

[FIG 12] FIG 12 is a diagram showing one example of a driving waveform at 

the fime of switching a driver in the first to fifth embodiments of f e J 5 ^^. 

[FIG 13] FIG 13 is a diagram showing one example of a driving waveform at 
th e time of switching a driver in a sixth embodiment of the present invention. 

[FIG 14] FIG 14 is a flow chart for explaining a control operation in the sixth 

embodiment. M ... 

[FIG 15] FIG 15 is a diagram showing one example of a dnvmg waveform, 
when switching of the driver is not necessary related to the sixth embodiment of me 

present invention. . . t _ 

[FIG 16] FIG 16 is a block diagram showing the main configuration of a 

control apparatus accordir^ _ fl 

[FIG 17] FIG 17 is a block diagram showing the main configuration of a 

resonance component removing section and an MEMS mirror drive section in a control 

apparatus according to an eighth embodiment of the present invention. 

[FIG 18] FIG 18 is a diagram showing one example of AC characteristics of a 

hiah-speed digital filter m the eighth embodiment 

[FIG 19] FIG 19 is a diagram showing one example of response 

characteristics, when a driver is driven according to a control signal processed in each 

digital filter in the eighlh embodiment. ^ nftnfi6 

[FIG 20] FIG 20 is a diagram showing one example of the response 
characteristics, when transfer functions of an MEMS mirror and the digital filter are 
combined in the eighth embodiment 

[FIG 21] FIG 21 is a block diagram showing Ihe mam configuration of an 
application example related to the eighth embodiment. 

[FIG 221 FIG 22 is a block diagram showing the main configuration of another 
application example related to the eighth embodiment. 

[FIG 23] FIG 23 is a perspective view snowing a configuration example of a 
typical optical signal exchanger of a three-dimensional type. 

[FIG 24] FIG 24 is a block diagram showing a configuration example of a 
conventional control apparatus for reducing an optica! loss in the optical signal 
exchang er to a minimum. 

[FIG 25] FIG 25 is a diagram showing one exampie^f a 
of the conventional control apparatus shown in FIG 24. 
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[FIG 26] FIG 26 is a diagram schematically showing the driving state of a 

typical MEMS mirror. 

[FIG 27] FIG 27 is a diagram for explaining a resonance action of the typical 

MEMS mirror. 

[Explanation of Reference Symbols] 



I A, 1 B Collimator array 
2A, 2B MEMS mirror array 
10A, 1 0B Optical fiber array 

I I Optical coupler array 

12 Optical power detection section 
12A Optical detection section 

12B J/V converter 

1 3 Comparison control section 
13A A/D converter 

13B Operational circuit 

13C, 32 Selectors 

14A, 14B MEMS mirror driving section 

1 5A, 1 5B Resonance component removing section 

16A, 16B. 31X, 31Y Digital fitters 

1 ©a previous stage memory 

16c Subsequent fitter circuit 

1 7 \feriation amount detection section 

21 D/A converter 

22 Driver 

22a Non-inverted half wave rectifier circuit 
22b Inverted half wave rectifier circuit 
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[Name of Document] Abstract 
[Abstract] 

[Subject! . , 

Provision of a control apparatus and a control method having a simple 
constitution, which can stably perform switching of optical path in an optical I signal 
exchanger, while suppressing an influence on a control due to the mechanical 

resonance of tilt mirrors. 
[Means for solving the Subject] 

The control apparatus of the optical signal exchanger is constituted such that 
in an optical signal exchanger of three<limensional type using one set of MEMS mjrror 
arrays, each having a plurality of tilt mirrors arranged on a plane, each tilt mirror having 
a reflecting surface an angle of which is controllable, when the angle of the MEMS 
mirror on the optical path is feedback controlled by detecting power of an optical signal 
output from a specific position, a resonance component removing section that 
removes a resonance frequency component included in a control signal is shared 
corresponding to a pair of driving electrodes arranged in a coaxial direction of the 
MEMS mirror. As a result, the influence on the feedback control by a resonance action 
of the MEMS mirror can be reduced, while suppressing an increase in circuit size. 

[Selected Drawing] FIG. 1 
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